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1 Introduction 
In RAN2#120, the following agreements were made on U2U discovery and relay selection [2]:   

Agreements:

Proposal 2: RAN2 to agree that in U2U relay, OOC UEs obtain discovery configuration from pre-configuration and IDLE/INACTIVE UEs obtain discovery configuration from SIB.

Proposal 6 (modified): RAN2 to confirm that SL-SRB0 is reused for DCR message if discovery is integrated into PC5 unicast link establishment procedure.

UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.

UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.

Proposal 15: RAN2 does not agree T400 as a new relay reselection trigger because it is already considered when determining PC5 RLF to trigger relay reselection.

Proposal 16 (modified): When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.

As per agreements, a number of open points remain on discovery and relay selection.  In this contribution, we discuss these open points. 

2 Discussion
2.1 Discovery Procedure for UE-to-UE Relays
Based on the latest specifications from SA2, both model A and model B discovery are supported, as shown below [1].
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5G ProSe UE-to-UE Relay Discovery with Model B [1]
In model A discovery, the UE-to-UE relay has discovered other proximity UEs and sends the information of these proximity UEs in model A announcement messages.  In model B discovery, the source UE sends a solicitation message which is forwarded by potential UE-to-UE relays.  The target UE sends a response message to one or more relays, which forwards it to the source UE for eventual relay selection by the source UE.  
Relay (re)selection for UE-to-NW Relays in Rel17 is based on RSRP measurements of the SL link only.  Specifically, the remote UE will measure the SL-RSRP or SD-RSRP to determine whether to perform (re)selection and decide the relay to select. Although measurements of the Uu hop between the UE-to-NW relay and the network is not explicitly considered in the (re)selection procedure, it is considered implicitly in the rule for transmission of discovery by the relay UE.  Namely, the relay UE only transmits discovery messages if the Uu RSRP is above a NW-configured threshold.  As a result, a remote UE cannot select a relay where the Uu link is weak because the relay will not transmit discovery in the first place.   
For UE-to-UE relay, a similar implicit approach requires altering the conditions for transmitting discovery. 
Observation 1:
UE-to-NW Relay considers the quality of the Uu hop implicitly by the rules for transmitting discovery at the relay.  
For model A discovery procedure, a relay UE may include only the identity of the source/destination UEs for which the measured link is above a threshold.  In this way, the corresponding destination/source UE can select the relay which can reach the desired peer via an acceptable second hop.  
Proposal 1:
In model A discovery, a relay UE can include, in its discovery message, the identity of remote UE’s it has discovered that have RSRP above a threshold. 

Similarly, for model B, the relay UE can selectively drop/forward discovery messages based on the RSRP of the discovery message it receives.      
Proposal 2:
In model B discovery, forwarding of discovery by a relay UE can be conditioned on the RSRP measurement(s) of discovery messages it receives.  FFS on the details. 

In addition, measurements of the second hop should be considered by a remote UE in relay selection.  Specifically, a remote UE may select a relay which has a better combined first hop and second hop measurement, while another may select a relay which has the best measurements of any single hop assuming both are above a threshold.  While the rules for actual relay selection should be upto UE implementation (as in the case of UE to NW relay), a remote UE should have access RSRP of both hops.  This information should be carried in the discovery message.

Proposal 3:
Discovery message transmitted by the relay UE should carry the RSRP measurement(s) of the link to each remote UE. 
In Rel17, either SL-RSRP or SD-RSRP are used for relay selection.  If discovery message transmitted by the relay UE is to contain the RSRP measurements of the remote UE, it needs to be decided which RSRP is included in the discovery message.  In the case where there is no unicast link between the relay UE and the remote UE, it should be clear that only SD-RSRP can be included.  However, when SL-RSRP is available, the relay UE may include only one of the measurements (e.g. the minimum, maximum, or average of the measurements), or may include both measurements.  For instance, including only the minimum reduces the information sent in discovery and relay (re)selection can be triggered based on the worst case of the two measurements.  On the other hand, it may be tempting to re-use Rel17 rules and transmit always SL-RSRP in discovery when SL-RSRP is available.  However, for the remote UE to perform selection, it may require comparison of the same measurement (SL-RSRP or SD-RSRP) on both links.  It is therefore safest to include both SD-RSRP and SL-RSRP in discovery message when SL-RSRP is available.      

Proposal 4:
A Relay UE includes SD-RSRP of a remote UE when SL-RSRP is unavailable and includes both SD-RSRP and SL-RSRP when SL-RSRP is available. 

2.2 (Re)selection Rules and Measurements for UE-to-UE Relays

In RAN2#120, it was agreed that PC5-RSRP of the direct link falling below a threshold can trigger relay selection, but whether SD-RSRP or SL-RSRP is used is still under discussion.  Although SD-RSRP could be used, it seems more consistent for relay selection to be based on the existing unicast link quality itself, and therefore SL-RSRP only should be used.
Proposal 5:
SL-RSRP, if available, is considered for triggering relay selection when measurements of the unicast link with its peer UE fall below a threshold. 

For triggers of relay reselection, a remote UE should take into account the measurements of both hops when triggering reselection.  In Rel17, SL-RSRP is used as the measurement for relay (re)selection if the measurement is available.  A similar approach for Rel18 should be the baseline.  However, the remote UE should base its decision on the same measurement (SL-RSRP or SD-RSRP) on the two links in order to be consistent.  In other words, when one measurement is considered on the first hop, the same measurement should be considered on the second hop as well.
Proposal 6:
When both measurements are available, a remote UE triggers relay reselection when either SL-RSRP of the relay UE or SL-RSRP between the relay and destination UE are below a threshold. 

Proposal 7:
A remote UE triggers relay reselection when either SD-RSRP of the relay UE or SD-RSRP between the relay and destination UE are below a threshold, when either SL-RSRP of the relay UE or SL RSRP between the relay destination are not available. 

For both relay selection and reselection cases, it may be preferrable to avoid that both UEs trigger relay (re)selection at the same time.  This could avoid concurrent procedures being initiated by both UEs simultaneously, and possible handling of conflicts in the relay (re)selection decision if these procedures yield different results.  Coordination can be possible at the RAN level, either by delegating which of the two UEs should trigger relay (re)selection first (and under what conditions), or by cancelling a relay selection if one UE decides to trigger relay selection.  This can be either informed by one UE to another (e.g., via a PC5-RRC message sent over the unicast link, or reception of a discovery solicitation message).

Proposal 8:
A UE can cancel and/or not trigger relay (re)selection when it is informed that (re)selection was triggered by the peer UE.  Details are FFS. 

Topology-based relay selection avoids the use of unnecessary/redundant paths to a destination.  In Rel17 UE-to-NW relays, topology is implicitly considered by allowing a remote UE to perform discovery procedure only when out of coverage.  This ensures that the remote UE does not use a relayed path to the gNB when the direct path is available.  Similar consideration of topology should be incorporated into (re)selection in UE-to-UE relays, as it is not possible to do so via discovery means only.
Observation 2:
Topology-based (re)selection should be considered in UE-to-UE relay to reduce unnecessary sidelink resource usage.
The first rule to be considered is similar to the Rel17 rule of ensuring a UE-to-NW relay is only used when the remote UE is out of network coverage.  Specifically, if a UE can communicate with its peer without the use of a relay (i.e., the direct link has sufficiently good quality), the UE should not use a relay.  
Proposal 9:
(Re)selection should prioritize a direct link over a relayed link.  FFS on details.
Another issue to be avoided is to have two UEs communicate to each other via different relays, or one UE communicates with two different UEs via two different relays when a single relay could be used.  This would result in additional unicast links which are unnecessary and cause sidelink resource waste.  Relay (re)selection decision could avoid such cases, by prioritizing the selection of relays where an existing unicast link is already established (e.g., through a bias in measurements).  
Proposal 10:
(Re)selection should prioritize a relay with the next hop already established via an existing PC5-RRC connection.  FFS on details.

Aside from prioritization of preferred topologies, the selection of the specific relay should be up to UE implementation (provided the measurements of the two hops are above the threshold).

Proposal 11:
Aside from prioritization of direct link and existing PC5-RRC connection, a UE can select any relay (up to UE implementation) having RSRPs in both hops above a threshold.

3 Conclusion
In this contribution, the following observations were made on discovery and relay selection for U2U relays:
Observation 1:
UE-to-NW Relay considers the quality of the Uu hop implicitly by the rules for transmitting discovery at the relay.  

Observation 2:
Topology-based (re)selection should be considered in UE-to-UE relay to reduce unnecessary sidelink resource usage.

Based on this, the following conclusions are made.

Proposal 1:
In model A discovery, a relay UE can include, in its discovery message, the identity of remote UE’s it has discovered that have RSRP above a threshold. 

Proposal 2:
In model B discovery, forwarding of discovery by a relay UE can be conditioned on the RSRP measurement(s) of discovery messages it receives.  FFS on the details. 

Proposal 3:
Discovery message transmitted by the relay UE should carry the RSRP measurement(s) of the link to each remote UE. 
Proposal 4:
A Relay UE includes SD-RSRP of a remote UE when SL-RSRP is unavailable and includes both SD-RSRP and SL-RSRP when SL-RSRP is available. 

Proposal 5:
SL-RSRP, if available, is considered for triggering relay selection when measurements of the unicast link with its peer UE fall below a threshold. 

Proposal 6:
When both measurements are available, a remote UE triggers relay reselection when either SL-RSRP of the relay UE or SL-RSRP between the relay and destination UE are below a threshold. 

Proposal 7:
A remote UE triggers relay reselection when either SD-RSRP of the relay UE or SD-RSRP between the relay and destination UE are below a threshold, when either SL-RSRP of the relay UE or SL RSRP between the relay destination are not available. 

Proposal 8:
A UE can cancel and/or not trigger relay (re)selection when it is informed that (re)selection was triggered by the peer UE.  Details are FFS. 

Proposal 9:
(Re)selection should prioritize a direct link over a relayed link.  FFS on details.

Proposal 10:
(Re)selection should prioritize a relay with the next hop already established via an existing PC5-RRC connection.  FFS on details.

Proposal 11:
Aside from prioritization of direct link and existing PC5-RRC connection, a UE can select any relay (up to UE implementation) having RSRPs in both hops above a threshold.
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